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Potenttornetr-ic titrations of the reaction mixtures containing metal-adenine (1: 1) complexes
and a secondary ligand 1,10-phenanthroline, 5-sulphosalicylic acid, cytosine, adenine and 2,2'-
bipyr idyl in a 1 : 1: 1 molar concentration indicate the formation of mixed ligand 1: 1: 1 ternary
complexes. The metal ions studied are Cu(IJ), Ni(Il), Zn(II), Co(IJ), Mg(II) and Ca(II) at
45°cL01° and J1 = O'IM (KNO,,). The stability constants of these metal ternary complexes and
1: 2 metal-adenine complexes are being reported.
THE metal complexes of purines and pyrimidinesplay a dominant role in many biochemicalsystems. Complexes of adenine with Cu(II),
Ni(II), Co(II) have been reported by Harkins and
Freiser-, The interactions of adenine with metal
ions in mixed water-dioxane solutions- and in
aqueous solutior.s" have also been reported. In
this paper the stability constants of 1:1 metal
complexes of divalent metal ior.s Cu(II), Ni(II),
Zn(U), Co(II), Mg(II) ar d Ca(II) with adenine and
mix ed ligand chelates of metal ior.s with adenine
in the presence of other ligands like 1,10-phenan-
throline (o-Phen), 5-sulphosalicylic acid (SSA), a-o'
bipyridyl (Bipv), cytosine, N-N-tetramethylethy-
lenediamine (TMEN) or another adenine molecule
in aqueous medium are being reported employing
potentiometric titration technique.
Materials and Methods
Carbonate-free sodium hydroxide was standardized
by titration with potassium acid phthalate. Stock
solutions of the metal salts (0·05M) were prepared
and standardized using EDTA4. Standard solutions
of o-phen, SSA, bipy and TMEN in diprotonated
form were prepared. Adenine and cytosine were
weighed directly into the reaction cell in the solid
form to avoid any possible hydrolysis.
Titrations were carried out in a 60 ml jacketted
cell at 45°±0·1°, (L = O'lM (KN03). Relatively
low concentrations of ligand and metal ion (1 X
to-3M) were used. Presaturated CO2-free nitrogen
was passed through the solution throughout the
titratior.s.
During the titration, change in pH of the sol~tion
was determined with an Elico pH meter equipped
with a Philips combination, glass and calomel
electrodes. The electrode system was calibrated
by direct titration with acetic acid and the observed
pH was compared with actual [H+] as calculated
from the data tabulated by Harned and Owens. The
pH regions below 3·5 and above 10·5 were calibr~ted
by measurements in the HCl and NaOH solutions
res pecti vel y.
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Results and Discussion
The acid dissociation constants of ligands were
calculated hy a direct algebraic method, which in-
volves setting up of suitable material balance
equations? or by a graphical method. The successive
acid dissociation cor.star.ts Kna of the di- and tri-
prot onated ligai.ds were calculated using the follow-
ing general Eq, (1) and the values are given below:
«; = [H+J{(a-n+l)h+[Ii'~] -COHo]}
h-{(a-n+1)TL+[H+] -[OH-n ... (1)
where a = moles of base added per mole of ligand
and TL = total ligand concentration.
Ligand
Adenine
Cytosine
TMEN
O-Phen.
SSA
8·71 X 10-5
2·55 X 10-5
3·55 X 10-'
4'57 X 10-2
7·94 X 10-10
5·25 X 10->
1·29 X 10-6
4·17 X 10-3
(k3a= 2·884 x 10-11)
The equilibria involved in complexes containing
a metal ion and ligands like adenine, cytosine and
TMEN in a 1 :1 ratio of ligand to metal ion may be
represented by Eq. (2) ar.d for 1:1 complexes con-
taining a metal ion and o-phen, 2,2'-bipy or SSA
by Eq. (3).
M2++HA~MHA2+
M [MHj\2+]
KMHA = [l\1.2+][HA] ... (2)
M2++Ln-~ML+2-n
M [ML+2-n]
KML = [M2+][Ln-] ••• (3)
In solutions containing 1: 2 molar ratio of metal
ion and adenine, the equilibria involved are:
K,
M2++HA~MHA2+ ... (4)
... (5)
TAQUI KHAN & JYOTI: MIX_ED LIGAND TERNARY CHELATES
TABLE 1 - STABILITY CONSTANTS OF 1: 1 METAL CHELATES WITH ADENINE, CYTOSINE, TMEN, O-PHENANTHROLINE,
SSA AND BIPY
Metal Adenine Cytosine TMEN o-Phen SSA Bipy
log KtiHA log K~HL log K~!HL' log K~L log K~lL log K~lL3
Cu(II) 3-20 ± 0-03 2-82 ± 0-01 3-46 ± 0-17 8-02 ± 0-26 8-40 ± 0-04 7·03 ± 0-69
Ni(II) 2-42 + 0-04 2-21 ± 0-05 2·08 ± 0'2 7-17 ± 0·35 5·74 ;± 0-06 6·65 ± 0-43
Zn(II) 3-08; 0-02 2-46 ± 0-06 6'85 ± 0-18 5·41 ± 0·37
Co(II) 2-91 ± 0-00 2·40 ± 0-02 2-06 ± 0·3 7·54 + 0-28 5·62 ± 0-06 6-65 ± 0-43
Ms(lI) 2-00 ± 0-08 2·04 ± 0-13 2-64 ± 0-09 2-48 ± 0-06 3-85 ± 0·04 3-64 ± 0·11
Ca(Il) 2·39 ± 0-05 2·46 ± 0·06 2·34 ± 0-05 3'09 ± 0·04
At 45°C; iJ. = 0-IM (KN03).
The overall stability of the complex was calculated
using Eq_ (6)
[MH2A~+J
KfJ = [M2+r[I-[~J2- .. -(6)
For the calculation of stabilitv constants of
ternary complexes having 1:1:1 Inolar ratios of
metal ion, adenine and o-phen or 2,2' -bipy, the
equilibrium (7) was considered:
]1.12++ L+ HA ~ MLHA2+
1\I [MLHA2+]K -- ... (7)
MLHA - [l\f2+J [LI[MH]
where L = completely dissociated o-phen or 2,2'-
bipy and HA = adenine protonated.
In solutions containing 1 :1:1 molar ratio of metal
ion, adenine and SSA, the equilibrium (8) was
envisaged:
MHL -1-HA "=7 MLAH2
l\IHL [MLAH2J
J{MLAH2 = [MHLJ(HAJ
For solutions with 1:1:1 metal ion-adenine-
cytosine, the equilibrium (9) was considered:
W+ +HL+HA~MLAHE+
11 [MLAH~+JK. --
MLAH, - [l\f2+J[HAJ[HLJ
where HA = protonated adenine, and HL = proto-
nated cytosine.
Eqs. (2, 3, 6-9) were solved by setting up suitable
material balance equations.
Metal-ligand (1 :1) systems - The titration curve
of Cu(II) and adenine in a 1 : 1 ratio shows an
inflection at a = 1 (a = moles of base per mole of
ligand) followed by precipitation. The stab!lity
constant for the CuHL species was calculated III a
buffer region well ahead of the precipitation point.
Similar titration curves were obtained in the case
of Ni(II), Co(II), Zn(lI), Mg(II) and Ca(II)_ In
all the cases, the stability constantK,nmL was cal-
culated between a = 0·3 and 0'7, using Eq. (2).
Similar titration curves were obtained for 1:1 metal
ion-cytosine and TMEN svstems. In these cases
also, ~thestability constants ~werecalculated ~y usi~g
Eq. (2)_ The stability constants are gIven 111
Table 1.
The titration curve of 1:1 Cu(II)-SSA system
shows an inflection at a = 2_ The calculations of
... (8)
... (9)
~ .•..•. U,"-I.ju. •.n ..\...-'---L ••..~ ," .LJ.LC YU.1Ullle w ct o 111dUC: Ul) LU
20 ml and equilibrated for 2 rnin with a solution
of the ba~e (~O ml, 10%) in benzene (30% in the
case of quinoline). The organic phase was separated
and dned over anhydrous sodium sulphate. The
absorbance of the organic phase was measured
at 410 nm against reagent blank.
TABLE 2 - LOGARITHMS OF OVERALL STABILITY CONSTANTS
OF COMPLEXES CONTAINING 2: 1 RATIO OF ADENINE WITH
:tIETAL IONS
[Temp. 450 ± 0.10; iJ. = 0-IM (KN03)]
Metal ion log K~H,L. Metal ion ' KM109 l\'lHzLz
Cu(II) 6-37 ± 0·02 Co(II) 5·94 ± 0-01
Ni(II) 5-63 ± 0-03 Mg(II) 5·56 ± 0-02
Zn(II) 6·29 ± 0-02 Ca(II) 5-63 ± 0-02
the stabilt y constant ]{~rL were done after the
inflection point in the upper buffer region according
to Eq. (3)_ In the region before a = 2, two protons
of SSA are completely dissociated. Similar titration
curves were obtained for Ni(II), Co(II), Zn(II),
Mg(II) and Ca(II)_
Titration curve of 1:1 Cu(II)-o-phen system also
shows an inflection at a = 2. Similar titration
curves were obtained for the other metal ions. The
calculation of the stability constant was done
according to Eq. (3). Similar titration curves
were obtained in a 1:1 titration of 2,2' -bipy with
the above-mentioned metal ions. The stability
constants in these cases were also calculated with
the help of Eq, (3) between a = 1 and 2. The results
are presented in Table 1.
Metal-ligand (1 : 2) systems - The potentiometric
titration curve of Cu(II) and adenine in a 1 :2 molar
ratio shows an inflection at 111 = 2 (where 111 is the
moles of base added per mole of metal ion). Calcu-
lations of the stability constants ]{~iH L were dor e
according to Eq. (6)_ Similar titration' ~urves were
obtained for other metal ions and the overall
stab.Iity constant J{~H,L2 was calculated by Eq. (6).
The results are presented in Table 2_
Metal-adenine-cytosine (1:1 :1) system - The titra-
tion curve of Cu-adeninecytosine system shows
a sharp inflection at m = 2_ Similar titration curves
were obtained for other metal ions. The calculation
of stability constant of the ternary complexes was
done according to Eq _(9). The results are tabulated
in Table 3.
Metal-adenine-SSA (1:1 :1) - The titration curve
of 1:1:1 ternary Cu-adenine-SSA system, shows an
inflection at 111 = 3. The calculation of the stabilitv
constant of these complexes was done between fit = 2
and 3 according to Eq. (8). It was assumed that
1003
uelelllllHdllUll Ul IllCKe!.
Composition oj the extracting species - The com-
position of the extracting species in all the systems
IS found to be 1: 2: 2 (nickel: oxir,e : base). Oxine
nurnber is determined by the slope analysis of
curves obtained from log q vs 10g[HOxJtotalplots
and by Job's method of continuous variations
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TABLE 4 -l!. LOG K VALUES·
Cu(II)
Ni(II)
Zn(II)
Co(lI)
Mg(II)
Ca(II)
Mvaden-Phen
(1: 1 : 1)
-3,12
-1·49
-1·81
-1·62
M-aden
(1: 2)
-0,03
+0'79
+0'11
+0'12
+1·56
+0'85
*l!. log K = K~ILA -(Kt:L +K~A)'
M-aden-SSA
(1 : 1 : 1)
-0·20
+0'43
-0·62
-0·42
-0·10
Mvadcn-cyt
(1: 1: 1)
+0·18
+1·23
+0'69
+0'76
+1·74
+1'34
M-adcn-bipy
-1·18
-0·77
+0·17
-1·30
-0,03
+0·13
TAnLE 3 - STAHILITY ('O~STAI'TS OF 1: 1: 1 TERNARY
METAL COMPLEXES INVOLVING AOE:>IINE, O-PHEN.-\NTHRO-
LINE, CYTOSINE. 5-SUI.PHOS."LICYLIC ACID AND
2,2' -BIPYRIDYL
[Temp. = 45° ± O·le; fL = O·lM (KN03)1
Metal log log' log log
K~LAH ](~:t~H, J(~:LAH2 KtlLAH
o-Phen SSi\ Cytosine Bipy
st ± 0·10 2·99 ::1: 0·16 620 :t 0·08 9·06 ± 0·20
8·1 :I: 0·28 2·85 :I: 0·02 5·86 ± 0·07 8'30 :1:0·26
8·12:1e 0·10 2·46 :L 0·03 6·23 rl: 0·13 8·66 ± 0·08
8·32 ± 0·10 2·46 :1:- 0·03 6·07 ± 0·11 8·25 ± 0·27
1·91 -I 0·09 5·78 :1: 0·09 5·61 ± 0·04
2·38 ± 0·03 6·19 ,I: 0·14 5·61 ± 0·04
Cu(lI)
Ni(lI)
Zn(II)
Co(ll)
M~(I1)
Ca(II)
the formation of the ternary complex takes place
in two steps: the first step involves the formation
of 1:1 metal-SSA followed by the coordination of
adenine to this metal ligand complex in a separate
step. Similar titration curves. :nere obtained with
other metal ions and the stability constants of the
ternary complexes were calcl.llate~ using the same
equation. The results are given III Table 3.
Metal-adenine-o-phcn (1:1 :1) sJ'stell~- The p?t~n-
tiometric titration curve of the solutions contaimng
1:1:1 1-12+-adenine-o-phen exhibits an inflection at
ni = 3 for Ni(II), Zn(lI) and .Co(II). For C~(!1)
a steep inflection is not obtained, The stability
constant K~LAH was calculated using Eg. (7). Ca(II)
and Mg(II) do not form a 1: 1 :1 c.omplex as. ~he
composite curve obtained by the horizontal addition
of a metal-o-phen 1: 1 system a~d adenine was found
to overlap with the experimental curve. The
results are given in Table 3. ..
Similar titration curves were obtained in a 1:1:1
Cu-adenine-z.Z'<bipy system. The calculation of the
stability constants I<~:LHA of the ternary complexes
with the aforementioned metal ions was done in
a region between 111 = 1 and 3 with the help of
Eq. (7). f
The stability constants of the 1: 1 complexes 0
Cu(II), Ni(II), Co(II), Zn(II), Ca(II) and Mg(II),
with adenine, cytosine, SSA, TMEN, o-phe? and
bipy follow the order: SSA. > o-phen > bipy >
adenine > TMEN > cytosine.
It is of interest to consider the I:!. log K values?
as defined bv the difference in the overall stability
constant log KM and 2K~IHL (presented in Table 4).MH,L, . al
Except for Cu(II), that has ~ sm~l ne1?<l:hv~v. ue;
the difference in other metal ions IS positive indicat-
ing an extra stabilization of the 1 : 2 complex as
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compared to the 1 : 1 complex. The ternary complex
of metal-adenine-cytosine has a maximum stabili-
zation in terms of ~ log K as compared to the 1 :2
metal-adenine system. On the basis of a statistical
consideration, a 1 : 2 complex or a 1:1:1 ternary
complex should be less stable than a 1:1 complex.
The extra stabilization of 1: 2 l\{2+-adcnine and
the ternary metal-adenine-cytosine complexes should
be due to a hydrophobic or stacking interaction
of the ligands, adenine-adenine or adenine-cytosine
in these complexes. ~ log K is negative in
the ternary complexes of adenine with ligands
like o-phen, bipy or SSA. Stacking interaction
is thus appreciable only in those aromatic ligands
that have comparatively free rotation about the
metal ligand bond and can take up a parallel
configuration for maximum molecular interaction.
This interaction is maximum in metal-adenine-
cytosine system, since cytosine is mostly unidentate
and can take up a configuration parallel to adenine
in 1:1:1 complexes as shown in structure (I).
The interaction is less in metal-adenine 1: 2
systems since adenine can become rigid in a bidentate
coordination to the metal ion. For the same reason,
there is no extra stabilization in metal-adenine-
o-phen SSA or bipy systems, because these ligands
are rigidly coordinated in a bidentatc manner to
the metal ion with no possible molecular stacking
interaction between adenine and the second ligand
in these complexes.
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